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2002125410 

iiiiiiiiiiiiiiniiiiiiiiiiiiyin 

CnOCOS aHaJIH3a 4>H3HMeCKHX h/hJIH XHMHHeCKHX CBOiiCTB 

noBepxHOCTHoro cjion TBep^oro rejia (BapHaHTBi). 

HsoGpexeHHe othochtch k o6jiacTH anajiHaa cxpyKxypBi noBepxHOCTHbix 

H npHnOBepXHOCTHBIX CJIOeB TBepABIX Ten H HX 4>H3HHeCKHX H XHMHHeCKHX 
CBOHCTB C HCnOJIBSOBaHHeM aKTHBHpyiOmHX BOSAefiCTBHH. 

nocKOJiBKy cTpyKxypa noBepxHocraoro cjioh XBepAoro xejia 
cymecxBCHHO oxjiHHaexcH ox cxpyKxypti XBepAoro xejia b oG'BeMe h, 
npaKXHHecKH, onpe^tejMex ero noBe^ieHHe b pasJiHHHbix cpe^ax h b nojie 
pasJiHHHBix CHJi, xo CBefleHHH o noBepxHocxHOM cjioe XBepAoro xejia 

OXKpBIBaiOX nyXB K HayHH0-060CH0BaHH0H MOAH(|)HKaii;HH nOBepXHOCXH 

xsepAoro xejia c utejiBio nonyneHHa MaxepHajioB c ^ejiaeMBiMH onxHHecKHMH, 

MexaHHHeCKHMH, afl;re3HOHHBIMH, 3JieKXpHHeCKHMH, JIIOMHHeCUeHXHBIMH H 

ApyrHMH cBOHcxBaMH, a xaK»ce k ynpaBJieHHio mhophmh Ba^HBiMH b 
npaKXHHecKOM oxHomeHHH npoueccaMH, xaKHMH KaK pocx KpHcxajinoB, 
snHxaKCHajTBHoe h luiasMOXHMHHecKoe BBipamMBaHHe cjiocb, xaxajiHS, 
co3AaHHe ynBxpaxoHKHX nneHOHHBix noKpBiXHH MexoflaMH Jl3HrMK)pa-BjiOA»e 
H MOJiexyjinpHOH caMOc6opKH, ynpOHHeHHe MaxepHajioB h Ap., nosBOJMiox Ha 



6ojiee BBicoKOM ypoBHe npoBO^HTB KOHxponB KanecTsa noBepxHOCTH 
(noBepxHOCTHyio Ae4)eKTOCKonHK)) npoMBimneHHBix HSflejiHH, hto oco6eHHO 
ea^HO B xaKHx o6jiacTjix KaK saruHTHBie noKpBiTiM, MHKpo- h Hano- 
3neKTpoHHKa. 

HsBecTHBi cnoco6Bi anajiHsa <|)H3HHecKHX cbohctb TsepAoro xejia, a 
HMCHHO, TCMnepaxyp h aHeprafi aKTHBaiiHH ^asoBBix h pejiaKcauHOHHBix 
nepexoffOB b HCCJieffyeMOM MaxepHajie nocpeACXBOM AH^4^epeHitHajibHOH 
CKaHHpyiomeH KajiopHMexpHH, cm. B.A.BepmxeiiH, B.M.EropoB, 
«^H(J)(^epeHE[HajibHaH CKaHHpyiomaH KajiopHMexpiM b (^hshkoxhmhh 
nojiHMepoB», JI., «Xhmim», JleHHHipaflCKoe oxfleneHHe, 1990, cxp.74-81, a 
xaioKe c noMombio ^lAepHoro MarHHXHoro peaonaHca, cm. iI,Pa6eK, 
«3KcnepHMeHxajibHBie MexoflBi b xhmhh nonHMepoB», x.l, M., «MHp», 1983, 
cxp.337. 

HeflocxaxKOM axux cnoco6oB HBJMexcH xo, hxo c hx noMomBio nojiynaiox 
HHC^opMauHK), oxHOCHUjyioc^ KO BceMy oeteMy HCCjieAyeMoro o6pa3ua h hc 
oxpa^aiomyK) b Heo6xoflHMOH cxeneHH cneuH(|)HKy ero noBepxHOcxHoro cjio«. 

HsBecxeH cnoco6 aHajiHsa (^hshhcckhx cbohcxb noBepxHocxHoro cjio« 
XBcpAoro xejia, b nacxHOCxH, onpeAeneHH5i xeMnepaxyp h 3HeprHH aKXHBati;HH 
(J)a30Bi>ix H pejiaKcai^HOHHBix nepexoAOB, BKnioHaiomHH 6oM6apflHpoBKy 

nOBepXHOCXH nepBHHHBIMH nyHKaMH HeHXpaJIBHBIX aXOMOB, h/hJIH SJieKXpOHOB, 

h/hhh hohob, h/hjih <|ioxohob, h/hjih peHxreHOBCKHX jiyneii, h perHcxpau;ino 
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BTopHHHbix nyHKOB xex ace caMbix sapaaceHHbix nacTHu;, cm., HanpHMep, 
AXsaHflepHa «MeTOflM anajiHsa noBepxHocTH», M., «MHp», 1979, c.c: 63-64, 
76-77, 83-84, 88-89 (KonHH ccbuikh npHnaraercji). 

^aHHMH cnoco6 npHH^x sa npoToran Hacxoamero H3o6peTeHHH 
corjiacHO BapHanxy no nepBOMy nyHicry (^opMyjibi HsoSpereHiM. 

npH soHjtHpoBaHHH (6oM6apflHpoBKe) noBepxHOCTHoro cjioH TBepfloro 
xejia npoHcxoAHT 3mhcchh sapaaceHHBix nacTHi; (ajieKTpoHOB, hohob), 
HCHTpajibHtix HacTHu; (axoMOB, MOJieKyji), <|)Otohob. Hccjie^toBaHHe 
noBepxHOCTHoro cjioa TBep;^oro xejia ocymecTBXunoT npn ero HenpepHBHofi: 
6oM6apflHpoBKe, npH 3T0m peracTpHpyiOT HcxoAamne yKaaaHHwe BMme 
HacTHUibi c ynexoM hx KOJiH^ecTBa, aHeprexHHecKoro h npocxpaHCXBCHHoro 
(yrjioB BbixoAa) pacnpe^neneHHa. OAHaKo, yKasaHHbiS cnoco6, npH KoxopoM 
ocymecxBJMexcH nocxoHHHaa h HenpepwBHaa 6oM6apAHpoBKa noBepxHocxH, 
o6ycjioBJiHBaex HexcejiaxejibHoe HSMeneHHe (MOAH4>HKam«o) HccjieflyeMoro 
noBepxHOCXHoro cjioh. KpoMe xoro, nocKOJibKy HccjieAOBaHHa npoHcxoflHX, 
KaK npaBHJio, npH ^HKCHpOBaHHOM 3HaHeHHH xeMnepaxypBi XBepaoro xejia, 

HHKaKOH HH(|)OpMaaHH O XeMHCpaxypaX H 3HeprHHX (|)a30BbIX H 

pejiaKcauHOHHbix nepexoAOB b noBepxHocxnoM cjioe c noMombK) 
paccMaxpHBaeMoro cnoco6a Hejibsa; ecjiH »ce HccjieflOBaHHfl npoHOBOflaxcH npH 
HecKOJibKHX sHaHeHHHX xeMnepaxypbi o6pa3ixa, xo npoHCXOAHX, MHoroKpaxHaa 
6oM6apflHpoBKa ero noBepxHocxHoro cjioa, hxo npHBo^Hx k ero 
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He/tonycTHMfciM HSMeneHiMM h, cooTBexcTBeHHO, HCflocTOBepHLiM napaMcrpaM 
nepexo;50B. 

PfesecxeH cnoco5 ananHaa 4>H3HHecKHx cbohctb noBepxHocxHoro cjioh 
xBepfloro xena, BKJUOHaiomHH B03fleHcxBne na nosepxHOCXHfciH cjioh xBepAoro 
xejia HH3KOxeMnepaxypHofi lUiasMoft (HTTl) c nocjie^tyiomeH AesaKXHsauHCH 
noBepxHocxHoro cnoa h peracxpauiHeil cneKXpa xepMOJiK)MHHecE(eHUHH; Hill, 
HcnojiBsyeMaa b 3xom cnoco6e B036yacfl;aexca neMOAyJiHpoBaHHbiM nojieM 
nacxoxH 40,68 M^^ h HMeex AasjieHHe luiasMOoepasyiomero rasa 0,1 MBap, 
npoflOJiacHxejiBHOcxB BOSfleiicxBHH cocxaBJwex ox 10 c flo 9 mhh, cm. 
A.A.Kalachev, etc., «Plasma-induced thermoluminescence - a new method of 
investigating supramolecular architectures and temperature transitions in 
polymers and other solid surfaces», Applied Surface Science 70/71 (1993), 
p.p.295-298 (KonHH npiuiaraexcfl). 

3xo xexHHHecKoe pemeHHe npHHHxo sa npoxoxHn sapHaHxa cnocoSa no 
xpexbeMy nyHKxy 4)opMyjiM H3o6pexeHHH. 

He^ocxaxKOM yKasaHHoro cnoco6a HBiwexca MOAH(|)H^HpyIOI^ee 
BOSfleficxBHe HTII c yKasaHHBiMH BBime napanexpaMH Ha noBepxHocxHBiH 
cjioH HCCJieffyeMoro o6pa3^a, hxo o6ycnoBJiHBaex HCAOCxaxoHHO flocxoBepHyio 
HH<|>opMa^^iIO o (^HSHHecKHX H xHMHHecKHX cBOHCXBax 3xoro cjioa. B nepByK) 

OnepeAB 3XO o6yCJIOBJieHO aceCXKHMH yCJIOBHHMH lUiaSMH, HCnOJIBSOBaHHBIMH B 

npoxoxHne, a hmchho bbicokhm AaBJienneM iuia3MOo6pa3yK)m.ero rasa 
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(0,1 MBap) H fljiHxejibHbiM (10 ceK h 6oni>me) BOSfleHCTBHeM njiasMBi Ha 
noBepxHOCTB. 06a 4^aKTopa npHBOflHT b npesMepHOMy pasoipcBy 
noBepxHOCTHoro cjtoh h raGejiH BOSHHKaiomHX aKTHBHBix cocTOHHHH y^Ke B 
xo^e o6pa6oTKH. HanpuMep, KaK bhaho H3 pHC. 4 npoxoxHna, HHxeHCHBHOCTB 
jiioMHHeciieHaHH, KaK npaBHJio, na^aex c yBejiHHeHHeM BpeMCHH o6pa6oxKH. 
KpoMe xoro, ynoMHHyxBie ^cecxKHe ycjioBiM BOSAeficxBHH npHBOAHX k ApyxHM 

4)H3HKO-XHMHHeCKHM H3MeHeHIMM B aHaJIMSHpyeMOM nOBepXHOCXHOM cjioe. 

KpoMe xoro, b pe^cHMe HSOxepMHHecKOH jnoMHHecii;eHu;HH (cm. j5g.3 
cxaxBH A.A.Kalachev, etc.) nojiyneHKBie corjiacHO HSBecxHOMy cnoco6y 
KpHBBie, HnjiiocxpHpyiomHe saBHCHMOcxB (cnaja;) xepMOJiiOMHHeciJieHicHH ox 
BpeMCHH c MOMeHxa npeKpamcHHH BOSAeiicxBHH HXn Ha HccjieflyeMBiH 
o6pa3eii, He HMeiox KaKHX-JiH6o xapaKxepHBix oco6eHHOCxeft; noaxoMy b 
AaHHOM cnoco6e sa axox nepHOA BpeMCHH KaKaa-JiHGo nojiesnan HH<|)opMaij;Ha 

O CXpyKXype nOBepXHOCXH HHH nOBepXHOCXHBIX (|)H3HKO-XHMHHeCKHX 

npoueccax He nonyHena. yKa3aHHBie KpHBBie HcnojiB3yiox xohbko KaK 
cpeAcxBO flJiH onpeAeJieHHH MOMCHxa flJiH Hanana ^esaKXHBauHH 
noBepxHocxHoro cnoa XBepAoro xejia nyxeM narpeBa. 

B ocHOBy HacxoHmero H3o6pexeHH^ nojio^eno pemeHHe 3aAaHH 
yMCHBineHHs MOAH4)Hij;Hpyiomero BOSfleficxBH^ aKXHBupyiomero nsjiyHeHHH Ha 
noBepXHOCXHBiH cjiOH xBepfloro xejia, noBBimenHe HH4)opMaxiiBHOCXH h 

XOHHOCXH HSMepeHHH. 
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CorjiacHO HsoGpexeHHio no nepBOMy BapHanxy b cnoco6e aHajiHsa 
<|)H3HHecKHX h/hjih xhmhhcckhx CBoficTB noBepXHOCTHoro CJIOH TBepfloro Tejia, 
BKjnoHaiomeM BOSfleScTBHe na noBepxHocTHtiH cjioh XBepAoro xejia 
H3JiyHeHHeM b bhac axoMapHoro nynKa h/hjih sjieKXpoHHoro nynxa, h/hjih 
MOJieKyjMpHoro nyHKa, h/hjih hohhofo iiyHKa, h/hjih ^OTOHHoro nyHKa h/hjih 
Hx KOM6HHanHH H nocneflyioiijyio fle3aKTHBa^HIO noBepxHocTHoro cjioh c 
perHCTpaii;HeH HcnycKaeM&ix BCJieflCTBHe axoro KBaHT9B sneprHH, BOSAencTBHe 
iipoHSBOAHT eflHHHHHfciM HMiiyjiBcoM HSJiyHeHHH, a flcsaKTHBamno 
noBepxHOCTHoro cjioh TsepAoro xejia ocymecxBJiHiOT no OKOHHaHHH 
Bos^eficxBHH Ha Hero HSJiyneHHeM nyxcM BtwepjKKH XBepfloro xejia npn 
nocxoHHHOH xeMnepaxype h nocjie^tyiomero narpeBa, npn 3xom cneicxp 
HcnycKaeMHX noBepxHocxHbiM cjiocm XBep;ioro xejia KBanxoB aneprHH 
peracxpHpyiox b npoi^ecce ^esaicxHBaiiHH noBepxHocxHoro cjioh; b BapnaHxe 
no n. 2 (|)OpMynH HSoSpexeHHH HMnyntc HSJiyneKHH, AencxByiomHH na 

5 3 2 

HccjieAyeMyK) noBcpxHOCXB, HMcex Momnocxb ox 10" a© 10" bx/cm . 

PeajiHsauHH oxjiHHHxejibHbix npHsnaKOB nepBoro Bapnanxa cnoco6a 
o6ycjiOBJiHBaex noHBJienHe y oG-bCKxa Ba»cHoro hobofo CBoiicxBa - HCKjnoHeHHe 
Heo6xoAHMOCXH 3MHXHpoBaHHH HccjieflyeMbiM noBepxHOCxHbiM cjioeM o6pa3^a 

aXOMOB, 3JieKXpOHOB, HOHOB H X.A., X.C. XeX HaCXHU, KOXOpblMH OCymCCXBJlHIOX 

nocxoHHHyio 6oM6apAHpoBKy noBepxHocxHoro cjioh xBcpAoro xejia b xeneHHe 
Bcero BpeMCHH pe^HCxpa^HH sjieMenxapHbix nacxHU. BjiaroAapn BOSAencxBHio 
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Ha noBepxHOCTHtiH cjiOH 'TBepfloro xejia eflHHHHHtiM HMnyjitcoM HSJiyneHHH 
MajioH MomHOCTH, nocjiejjyiomePL AeaaKXHBauHH noBepxHOCTHoro cjioh h 
perHcxpaitHH HcnycKaeMBix KBaHTOB anepraH (cbctoboh) nocjie OKOHHaHH^ 
6oM6apAHpoBKii nosepxHocTHoro cjioh sHaHHxejiBHO cHH^aexcH 
MOflH4)Hij;Hpyiomee BOSAeficTBHe HSJiyneHiM, noBLimaerc^ tohhoctb h 
AOCTOBepHocTB pesyjiBTaxoB HSMepeHHH. 

CorjiacHO HSoSpexeHHio no BxopoMy BapnaHxy cnoco6a (n.3 4>opMy-n[M 
H3o6pexeHHH) B cnoco6e anajiHsa <|)H3HHecKHX h/hjih XHMHHecKHX cbohcxb 
noBepxHocxHoro cjio)i XBepj^oro xejia, BKjnoHaiomeM BOSAeflcxBHe Ha 
noBepxHOCXHBiH CJIOH xBepfloro xejia HHSKOxeMnepaxypHOH njiasMOH c 
DocjieAyiomeH AesaKXHBaECHeS noBepxHOCxHoro cjigh h perHcxpaiiHefl cneKxpa 
xepMOjnoMHHeciieHitHH, HcnojiBsyiox HHSKOxeMnepaxypnyio njiasMy c 
flaBneHHeM njiasMooGpasyibmero rasa ox 0,001 ^o 0,08 MBap b xeneHHe ox 
0,01 AO 5 c. ripH peaJiHsauiHH Bxoporo BapHanxa cnoco6a npeAnoHXHxejiBHO 
HcnojiBsoBaHHe njiasMBi c BKJiaflBiBaeMoft b o6i>eM moh^hocxbr) ox 

10'^ AO 10"^ BX/CM^ 

Hap^Ay C HeMOAyJIHpOBaHHBIM BBICOKOHaCXOXHBIM HOJieM (10^-10^^ ^^\ 

B036y^Aaioii3,HM njiasMy, b cnocoGe no AaHHOMy H3o6pexeHHK) Moryx 6bixb 
HcnojiBSOBaHBi paspHABi nocxoraHoro xoKa, HHSKonacxoxHBie pasp^ABi 
(1-10^ Fu;) H BBicoKonacxoxHBie pasp^ABi MOAyJiHpoBaHHBie hhskoh nacxoxoft. 
Moryx HcnojitsoBaxBC^ xaK^Ke HMnyjiBCHBie pasp^AM o npOAOJi^HxejiBHOCX^MH 
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HMnyjibca h npoMe^yxKa ueyKpy HMnyjiBcaMH b AHanasoHe 10"^- 10^ cck, 
KpoMe Toro, b cnoco6e no ^aHHOMy H3o6peTeHHio npeAycMOxpena 
B03M0»H0CTb H3MeHeHHii noTeHu;Hajia Me^cay Aep^Kaxejieivi oGpasua h njiasMOH. 

PaSJIHHHbie THHM HJiaSM ^pHBO^^HT K paSJIHHHbIM HJIOTHOCTHM 
BOSHHKaiOmHX JIIOMHHeCI(eHTHBIX nOBCpXHOCTHblX IjeHTpOB, K BapLHpOBaHHK) 

THnoB 3THX E(eHTpoB H Hx pacnpefl;ejieHHH no rjiy6HHe noBepxHocxHoro cjioh, 
T,e* HcnojiBSOBaHHe yKasannbix pasjiHHHBix ranoB pasp^AOB hjih jik)6i>ix hx 
KOM6HHaii;K[H pacniHpiieT bosmo^hocth xexHOJiorHH h nosBOJiaex pacniHpHxt 
KJiacc aHaJiH3HpyeMBix oGBeKXOB. 

PeaJiH3aij;H)i oxjihhhxcjilhbix npH3HaKOB Bxoporo sapnaHxa cnoco6a 
o6ecneHHBaex cymecxBeHHoe cHH^eHHe MOAH(|)HD;Hpyiomero BosfleficxBHH 
HTTI Ha noBepxHOCXHBiH cjioh xBepAoro xejia. KpoMe xoro, npn 
npe^ino^KCHHOM cHH^eHHH AaBJieHHH njia3Moo6pa3yK)mero rasa, h 

OAHOBpeMeHHO C 3XHM yMeHBmeHHH 3KCn03HAHIi nOBepXHOCXHOrO CJIOH 

o6pa3ii;a Heo^HflaHHO bo3hhk hobbih, fl;oBOJiBHO napaflOKcajiBHBin 3(|)4)eKX5 

KOXOpBIH COCXOHX B XOM, HXO B pe^KHMe H30XepMHHeCK0H JIIOMHHeCi;eHUHH 

KpHBBie, HJiJiK)cxpHp3^nxHe ee cnafl c MOMenxa npeKpamcHHH B03/i;eHCXBiM 
HTn Ha oGpaseit, npHo6pexaiox xapaKxepHBie oco6eHHOCxH, aaiontHe 

AOnonHHXenBHyiO HH4)OpMaitHK) O (|)H3MKO-XHMHHeCKHX peaKIIHHX B 

noBepxHocxHOM cjioe xBepfloro xejia, Koxopaa He MorJia 6bixb nojiynena npH 
napaMexpax HTO, HcnojiBsosaHHBix b npoxoxnne. 



SaaBHTeneM He BBMBneHM hctohhhkh, coja;ep5KamHe HH(^opMaiiHK) o 

XeXHHHeCKHX pemeHHHX, HAeHTHHHBIX HaCTOHmeMy H306peTeHHK>, HTO 

nosBOJMex cflejiaxB bbiboa o ero cooTBeTCXBHH KpHxepmo «HOBH3Ha». 

SaHBHxejieM He oGnapy^eHBi KaKHe-jiH6o hcxohhhkh HH(]^opMaij;HH, 
coAep^amHe cBefl;eHiM o bjihhhhh saaBJieHHBix oxnHHHxejiBHBix npHsnaKOB na 
;i;ocxHraeMBiii Bcne^cxBHe hx peajra3aii;HH xexHHHCCKHH pesyjiBxax. 3xo, no 
MHeHHK) saflBHxenH, CBHflexenBcxsyex o cooxBexcxBHH AaHHoro xexHHHecKoro 
pemeHHH KpHxepHio «H3o6pexaxejiBCKHH ypoBeHB». 

SaaBJieHHBiH cnoco6 (BapnanxBi) HJiniocxpHpyexoi nepxe^aMH, na 
KOxopBix H3o6paMceHo: 
Ha (i)Hr. 1 - 6jioK-cxeMa ycxpoHCXBa ana peajiHsaitHH AaHHoro cnoco6a; 
Ha (|)Hr. 2 - cneKxp HcnycKaeMBix noBepxHocxHBiM cjiocm o6pa3u;a KsanxoB csexa 
npH nocxoOTHOH xeMnepaxype nocjie B03fl;eHCXBHH axoMapHoro nyHKa 
(npHMep 1); 

Ha (|>Hr. 3 - cneKxp npH sosAeHCXBHH axoMapHoro nyHKa npn narpeBC 
(npHMep 1); 

Ha (|>Hr. 4 - cneKxp HcnycKaeMBix nosepxHOCxHBiM cjioeM o6pa3^a KsanxoB CBCxa 
npH nocxo^HHOH xeMnepaxype nocjie B03fleHCXBH5i axoMapHoro nynxa 
(npHMep 2); 

Ha (J)Hr. 5 - cneKXp npH B03AeftcxBHH axoMapnoro nyHKa npH HarpeBC 
(npHMep 2); 
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Ha 4)Hr. 6 - cneKxp HcnycKaeMbix noBepxHocTHBiM cjiocm o6pa3ii;a KsaHTOB cBera 
npH nocTOHHHOH TCMnepaType nocne BOSAeiicTBHH sjieicrpoHHoro 
nyHKa (npHMep 3); 

Ha (|)Hr. 7 - cneKTp npH Bos^teficTEHH sjieKTpoHHoro nyHKa npH narpeBe 
(npHMep 3); 

Ha 4)Hr. 8 - cneKTp HcnycKaeMWX nosepxHocTHBiM cjiobm o6pa3^a KsaHTOB CBexa 
npH nocTOflHHOH TCMnepaxype nocne BosAeficTSHH MoneKyjiapHoro 
nyHKa (npHMep 3); 

Ha(|)Hr.9- cneKTp npn BOSflCHCTBHH MOJieKyjMpHoro nyHKa npH HarpeBC 
(npHMep 3); 

Ha (|)Hr.lO - cneKTp HcnycKaeMbix noBepxHOCTHbiM cjiocm o6pa3Ha KBaHTOB CBeTa 
npH nocTOHHHofi TCMnepaType nocjie BosAeHCTBHH hohhofo nyHKa 
(npHMep 3); 

Ha 4)Hr.l 1 - cneKTp npn bosachctshh hohhofo nyHKa npH narpeBe (npHMep 3); 
Ha (|)Hr.l2 - cneKTp HcnycKacMbix noBepxHocTHbiM cnoeM oSpasna KBaHTOB CBCTa 

npH nocTOHHHofi TCMnepaType nocjie bosachctbhh (^otohhofo nyHKa 

(npHMep 3); 

Ha ^Hr.l3 - cneKTp npH bosachctbhh ^otohhofo nyHKa npn narpeBe (npHMcp 3); 
Ha 4)Hr.l4 - cneKTp HcnycKacMBix noBcpxHOCTHbiM cnoeM o6pa3ua KBaHTOB cBCTa 

npH nocToaHHOH TCMnepaType nocjie BosfleiiCTBHH HTIl (npHMep 4); 
Ha (|>Hr. 1 5 - cneKTp npH BOS^eficTBHH HTTI npH narpeBe (npHMep 4); 
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Ha (|)Hr.l6 - cneKTp npH oGjiyneHKH o6pa3D;a no npHMepy 4 HTII c napaMexpaMH, 

OnHCaHHBIMH B npOTOTHHe; 

Ha <|)nr.l7 - cneKTp HcnycKacMBix noBepxHOcxHbiM cjiocm o6pa3ij;a KBaHTOB CBexa 

npH nocTOHHHOH TCMnepaxype nocjie BosfleHcxBH^i HTTl (npHMep 5); 
Ha (|)Hr.l8 - cneKTp npH B03AeHCTBHH HTII npn narpeBe (npHMep 5). 

7I,JiH peajiHsautHH cnocoGa b KOHKpeTHOM npHMepe cjiy^KHT ycxpoHCXBO, 
Koxopoe BKHiOHaex BaKyyMHyio Kaiviepy 1, BbinojiHeHHyio H3 Hep^aBeromefi 
cxajiH, cHa63KeHHyK) onxHHecKHM okhom 2, BBinojiHeHHBiM H3 onxHHecKoro 
KBapiia. B BaKyyMHOH Kaiviepe 1 pacnoJiOKen ^ep^Kaxejib oGpasi^a, 
BbinojiHeHHMH B BH^e eMKOcxH 3 H3 MQfjfi. Ha ee Hapy^KHOH noBepxHOCXH 
3aKpenjieH HccjieAyeMBiii o6pa3ei; 4 XBepAoro xena. B KOHKpexHOM npHMepe 
o6pa3eit 4 3aKpenjieH c noMomBio npyxcHHHBix KOJieu; (na nepxe^Ke He 
noKasaHBi). Emkocxb 3 3aKpBixa KpBiniKOH 5 c oxBepcxHeM 6 jiji^ no^aHH 
xjiaflarenxa, b nacxHOCXH, ^hakoxo a30xa. BnyxpH eMKOCXH 3 pa3Mem;eH 
HarpeBaxejiB 7, a Ha ee napy^HOH noBepxHOCXH ycxaHOBJiena xpoMejiB- 
amoMeneBaa xepMonapa 8. YcxpoHCXBO xaK^ce BKJiiOHaex renepaxop 9, 
H3JiyHaioniHH 3JieKxpoMarHHXHBie KOJie6aHHH c nacxoxoH 16Mru. SjieKxpoA 10 
renepaxopa 9 pacnoJio^Ken b BaKyyMHOH KaMepe 1. HnniiHaxop 11 
3JieKxpHHecKoro pa3pafla npeACxaBJwex co6ofi bbicokobojibxhbih 
xpaHC(|)opMaxop; npn 3aMBiKaHHH-pa3MBiKaHHH nepBHHHOH o6moxkh oh 




12 



BBiAaex CO btophhhoh oGmotkh HMnyjitCBi Hanpa}KeHneM 20 kB, KOTopBie 
noAaioTCK Ha aneKTpoA 12, pacnojio^eHHBiH b BaKyyMHOH KaMepe 1. 
^HxenBHOCTB 3JieKTpHHecKoro pasp^Aa saAaexoi c noMOiUBio TafiMepa (na 
Hepxe^Ke He noKaaaH). flaxHHK 13 HHSKoro BaKyyivia XHna «6apoxpoH» 
pa3MemeH Ha napy^KHOH nosepxHocxH BaKyyMHofi KaMepBi 1 h coo6maexcH c 
ee nonocxBK). BaKyyMHaa KaMepa 1 cHa6^eHa MaracxpajiBio 14 ajih cosflanmi b 
HCH BaKyyMa ao 1-10'^ MM.px.cx., a xaK^Ke MaracxpajiBio 15 ajih noflaHH rasoB b 
BaKyyMHyio KaMepy. B KOHKpexHOM npHMepe HcnojiBsosaH BOflOpOA, ho 
B03M0»H0 HcnojiBSOBaHHe KHcnopofla, a30xa, HHepxHBix ra30B h pp. 
YcxpoHCXBO coAep^ECHx cpe^cxBO perHcxpautHH nojiynaeMofi HH(|)opMaij.HH, 
Koxopoe BKJiiOHaex KOMnBioxep 16 c MOHHxopoM H 6jiok 17 conp^^ceHHH 
KOMHBioxepa 16 c iiihhoh 18 c6opa aaHHBix. Bjiok 17 coAep:»cHX aHanoro- 
L(H(l)poBOH npeo6pa30BaxejTB xHna AD-7858, MHKpo^po^eccop AD8080 h 
HcxoHHHK nHxaiomHX Hanp^^eHHH AJiH 3JieMeHXOB ycxpoHCXBa, KoxopBie 
noflaioxcH na uiHHy 19. Ha niHHy 19 no^aioxcH nepes 6jiok 17 KOMaH^Bi 
ynpaBJicHH^i ox KOMHBioxepa 16. 

YcxpoHCXBO coAep3KHx 6noK 20 (|)opMHpoBaHHH axoMapHoro h/hjih 
MOJieKyji^pHoro, h/hjih hohhofo, h/hhh 3JieKxpoHHoro, h/hjih 4>OTOHHoro 
nyHKOB. BnoK 20 coflepHCHX axoMHsaxop c sjicmcrxom (J)opMHpoBaHHH 
ysKOHanpaBJieHHoro nyHKa, b bhac coBOKynnocxH KanHJiJinpoB c AnaMexpoM 
20 MKM, CHCXCMy 4>opMHpoBaHHH MOJieKyjMpHoro nyHKa, BKJiioHaioiuyK) 
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MaracTpajib 21 ajih no^aHH rasa h 3JTeMeHT b BH^e coBOKynnocTH KanHJiJiHpOB 
TaKoro 5Ke AHaMexpa, HOHHyio nyniKy, sjieKxpoHHyio nyiUKy h pxyrHyio JiaMny 
THna /^PIU-lOO flJiH (|>opMHpoBaHiM 4>OTOHHoro ny^Ka. Bjiok 20 coAepDKHT 
cpeACTBo flJiH cosAaHHH cahrhhrbix HMnynBCOB yKasaHHBix nyHKOs: KJianaHBi, 
sanHpaiomHe 3JieKTpoABi h x.n. BtixoflHaH MarHcxpajit 22 6jioKa 20 BBiBe^eHa 
B BaicyyMHyK) xaMepy L YcTpoHCTBO b paccMaxpHBaeMOM nacxHOM cnynae, 
HJUiiocxpHpyiomeM peajiHsauHio cnoco6a, xaK5Ke CHa65KeHO cpeACXBOM anajiHsa 
no AJiHHaM BOHH KBaHXOB CBCxa, HSJiynaeMBix noBepxHocxHLiM cjioeM 
o6pa3iia 4, Koxopoe coflepMCHX MOHOxpoMaxop 23 xHna k Bbixo^y 

Koxoporo noAKJiioHeH 4^oxoyMH03KHxejib 24 xHna <I>3y-68 (bmccxo 
MOHOXpoMaxopa b nacxHtix cjiynaax . mo^ho HcnonBSOBaxB CBexo^HJiBxpBi). 
MoHOxpoMaxop 23 conp^^eH c onxHHecKHM okhom 2, KOxopoe HMeex co 
cxopoHBi BaKyyMHOH KaMepBi 1 3KpaH 25 ajm oxceneHiM HSJiyneHHa hs 
BaKyyMHOH KaMepBi, KOXopoe mofjio 6bi BBisBaxB jiK)MHHecij,eHij.Hio MaxepHajia 
OKHa 2 HJiH HapymeHHC ^yuKiXHii AexeKXopa b xoAe aKXHBau;HOHHOH 
o6pa6oxKH (nanpHMep, «ocJienjieHHe» 03Y). KpoMe xoro, ycxpoficxBO 
cHa6^eHO AaxHHKOM 26 bbicokoxo BaKyyMa xHna nMH-2, ycxaHOBneHHBiM na 
Hapy^cHOH nosepxHOCXH BaKyyMHOH KaMepBi 1 h cooGni^aiomHMCii c ee 
nonocxBK). YcxpoHCXBO xaroKe coAepHCHx AonojiHHxejiBHyio cmkocxb 27 pjisi 
xnaAareHxa, CHa63KeHHyio KpBiniKoii 28 c oxBepcxneM 29 ajih noAaHH 
xjiaAareHxa. Emkocxb 27 ycxaHOBJiena BHyxpH BaKjr/MHOH KaMepBi 1 . 
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Cnoco6 no nyHKxy 1 ^opMyjiBi HsoGpexeHHH peajiHsyioT cjie^yioinHM 
o6pa30M. 

06pa3eu; 4 saKpenjMiOT Ha flep>KaTejie o6pa3ij;a b BHAe eMKOcra 3 h 
noMemaioT b BaKyyMHyio Kaisiepy 1; H3 BaKyyMHofi KaMepM 1 OTKaHHBaiOT 
B03Ayx Hepes MarHCTpajiB 14 flo ocxaxoHHoro ja;aBJieHHui b BaKyyMHofi KaMepe 
He 6ojiee, hcm 1-10"^ MM.pxxT. ^aBJieHHe KOHxpojiHpyexca AaxHHKOM 26 
BBicoKoro BaKyyMa. SaxeM AonojiKHxejiBHaa cmkocxb 27 sanojiHHexca 
xjiaflareHXOM, npH 3xom na ee noBepxHOCXH aflcop6HpyK)xcfl ocxaxoHHBie rasBi 
H napBi BOflBi. npH noMomH 3KpaHa 25 onxHHecKoe okho 2 oxceKaiox ox 
HSJiyneHiM H3 BaKyyMHOH KaMepBi. 3axeM, hb KOMnBioxepa 16 nepes 6jiok 17 no 
lUHHe 19 noAaK)x Heo6xoAHMBie KOManflBi na 6jiok 20 c|)opMHpoBaHHH 
axoMapHoro h/hjih MoneKyjiapnoro, h/hjih hohhofo, h/hjih 3JieKxpoHHoro, 

h/hHH 4)OXOHHOrO nyHKOB H npOHSBOA^X BOSflCHCXBHe Ha nOBepXHOCXHBIH CJIOM 

o6pa3Li;a cahkhhrbim HMnynBCOM KaKoro-JiH6o nyHKa, jih6o nocjicAOBaxejiBHo 

eAHHHHHBIMH HMHyJIBCaMH paSJIHHHBIX nyHKOB, JlflSL COSAaHHH aXOMapHOFO H 

MOJieKyjiapHoro nyHKOB no MaracxpajiH 21 b 6jiok 20 4)opMHpoBaHH« nyHKOB 
noAaiox ras, b KOHKpexHOM npHMepe soAopoA- CyMMapnaa MomnocxB 
HSJiyneHHH na eAHHHij;y nnomaAH HccjieAyeMoft noBepxHOcxH HaxoAHXca b 
npeflejiax ox 10"^ ao 10"^ bx/cm^. Ilo OKOHHaHHH BosAeficxBHH HsnyneHHeM 
xsepAoe xejio BBiAep^KHBaiox npH nocxoiiHHOH xeMnepaxype h sanHCBisaiox 
cneKxp HcnycKaeMBix noBepXHOCxHBiM cjioeM xBepAoro xejia KBaHxoB anepraH, 
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B HaCTHOCTH, CBCTa. /^JM SaHHCH H aHaHHSa KBaHTOB no AJIHHaM BOJIH 

HcnoJiBsyioT MOHOxpoMaxop 23 h <|)OToyMHO»cHTejib 24, bbixoahoh CHraaji 
KOTOporo nocTynaex Ha niHHy 18 c6opa AaHHbix h ^ajiee nepes 6jiok 17 b 
KOMnbioTep 16. 3aTeM b KOKKpexHOM nprnviepe npoH3BOA^T narpeB o6p£i3iia 4 
HarpeBaxejieM 7, ocymecxBJian KOHxponB xeisinepaxypBi o6pa3iia xepMonapoS 8; 

BOSMO^HO B HaCXHBIX CJiyHa^X HCnOHBSOBaHHe flpyraX CpeACXB KOHXpOJIH 

xeMnepaxypBi. CHrHariBi c xepMonapBi 8 h ox (|)oxoyMHO»Hxeji5i 24 nocxynaiox 
Ha niHHy 18 c6opa ^aKHBix h nepes 6jiok 17 b naMKXB KOMHBioxepa 16 ajm 
nocjie^yiomeH o6pa6oxKH. 

B npHMepe 1 HccneAOBanocB BOSAeftcxBHe na noBepxHOCXHBifi cjioh 
nojiH3XHJieHa hhskofo AaBJieHHH MapxH MOPLEN (Mw=l 14000), 
3aiqpHCTajiJiH30BaHHoro npH TeMnepaType, 6jih3Koh k TeMnepaxype nnasJieHHfl, 
HSJiyHeHHH B BHfle e;^HHHHHoro HMiiyjibca axoMapHoro nynKa BOflopOAa. 
MomHOCTB HSJiyneHHA, fleHCTBOBaBUiaa Ha eAHHHi^y njioma^H Hccjie^iyeMOH 
nosepxHocTH, cocTaBiuia 2-10"^ bt/cm^. SaperacTpHpoBaHHtra cneicrp 
HcnycKaeMBix nosepxHOCTHBiM cnoeM nojiHSTHJieHa KBanroB 3HeprHH npn 
nocToaHHoS TeMnepaType OTo6pa5KaeTCfl rpa<|>HKOM na Ha rpa(|)HKe 

BHAHfci ABa MaKCHMyMa, KOTopbie flaiOT HH<|)opMauHio o cjia6ocBa3aHHWx 
cocTOHHiMx noBepxHocTHoro cjiofl AaHHoro MaTCpnajia h BpeMeHH 
nojiypacna^a 3thx coctohhhii. IlpH Harpese MaTepnana perHCTpHposajicH 
cneKTp TepMOJIIOMHHec^eH^HH (4)Hr.3). nojio»ceHHe MaKCHMyMOB na rpa(|)HKe 
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nosBOJwex cy^Tb o xeMnepaxypax 4>a30Bi>ix h penaKcaiiHOHHBix nepexoflOB b 
noBepxHOCTHOM cjioe HccjieflyeMoro o6pa3ij;a. 

B npHMepe 2 HccjieAOBajicH o6pa3eit h3 saKajieHHoro nonHSXHJieHa xoh 
5Ke MapKH npH xex ace ycjiOBHHX, hxo h b npHMepe 1 . CneKxpti HcnycKaeMBix 
noBepXHOCXHBiM cjiocM KBaHxoB CBexa oxo6pa«eHBi Ha (npH 
nocxoHHHOH xeMnepaxype) h Ha 4>Hr,5 (b npouecce Harpesa). 

ConocxaBJieHHe cneKxpOB HcnycKaeMBix KBanxoB csexa orhkm h xeM tkc 
MaxepHauoM, ho npHroxoBJieHHBiM pasjiHHHBiM o6pa30M, nosBOJMex bbwbhxb 
cymecxBeHHyK) pasHHi^y b CBOHCxBax noBepxHocxHoro cjioji MaxepHajia. 

B npHMepe 3 HccjieaoBancH saKaneHHtiH o6pa3eii H3 nojiHaxHJiena MapKH 
MOPLEN (Mw=l 14000). OcymecxBJiajiocB nocjieAOBaxejiBHO BosAeiicxBHe Ha 
noBepxHocxHBiH cjioH o6pa3iia eflHHHHHBiMH HMnyjiBcaMH cjieflyiomHx 
nyHKOB: 3JieKXpOHHoro, MOJieKyjiapHoro, hohhoxo, ^^oxoHHoro; 
cooxBexcxBeHHO, nocjieAOBaxejiBHO peracxpHpoBajiHCB cneKxpBi HcnycKaeMBix 
KBanxoB CBexa KaK npH nocxoHHHOH xeMnepaxype, xaK h b npoij.ecce HarpeBa 
((|)Hr. 6h7, 8h9, IOh 11, 12h 13, cooxBexcxBeHHo). CyMMapnan MonijiocxB 
HSJiyneHHii na eAHHHity noBepxHocxH nexBipex yKaaaHHBix BBiuie eflHHHHHBix 
HMnyjiBCOB cocxaBHJia 10"^ bx/cm^. KaHCfl;BiH bha HSJiyneHH^ BOSMymaex 
onpeflejieHHBie, cnen;H(|)HHecKHe rji^l nero cocxohhh^ noBepxHOCXHoro cjioa 
oGpasiia; 3xo nosBOJMex 6oJTee nojiHO h xohho cyflHXB o pasjiHHHBix 
(|)H3HHecKHX H XHMHHecKHX cBOHCXBax noBepXHOcxHOFO CJIOH (xeMHepaxypax 
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4)a30Bbix H pejiaKcaitHOHHBix nepexoAOB, aHepriiHx aKTHBauHH 3thx 
nepexoAOB, BpeMenax nojiypacnaAa cjia6ocBa3aHHi>ix noBepxHocTHHX 

COCTOHHHH, npOTCKaHHH nOBepXHOCTHMX XHMHHeCKHX pCaKItHH H HX HOpJIAKe, 
H T.A.) 

3Toro HcnojibsyioTCfl HSBecTHbie saBHCHMocra, nosBOJiHiomHe 
ocymecTBHTB nepexofl ot cneicrpoB HsnyneHiM KBanxoB csera k CBOHCTBaM 
noBepxHOCTHoro cjioa TBepAoro xejia. HanpHMep, HaH5ojiee BaacHbiH napaMexp 
- SHeprmo aKTHBa«HH pejiaKcaipiOHHoro nepexofla (Ep) mo»cho HaxoflHXb H3 
cooTHomeHiM: 



T-T 

■* max 



r^e R - raaoBaa nocTOHHHaa, 

T ' - TCMnepaTypa BBicoKOxeMnepaTypHoft CTOpOHW MaKCHMyMa, r^e 
HHTeHCHBHocTb JiK)MHHecLiieHi;HH naflacT BABOe. 

Tmax - TeMnepaiypa BbicoKOxeMnepaxypHOH CTopoHW MaKCHMyMa, rfle 

HHTeHCHBHOCTB JIIOMHHeCI^eHI^HH MaKCHMaJIBHa. 

riopHAOK XHMHHecKofi peaK^HH, BBisBiBaiomeH HSorepMHHecKyio 
moMHHec^eH^HIO, onpeAeJMioT nyxeM npeo6pa30BaHHa cneKxpoB, 
cooTBeTCTByiomHx HcnycKaHHK) KBaHTOB cBexa npH nocTOHHHofi TBMnepaType 
B CHCxeMe KOOpAHHax: Inl - t, rAe I - HHxeHCHBHOcxB moMHHec^eH^HH, t - 
BpeMa, a xaK»ce b cHcxeMe KOOpAHHax: I - 1/t^. Ecjih saBHCHMOcxb JiHHeiiHaa b 
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nepBOM cjiynae, to XHMMHecKaa peaK^Hfl HMeer nepBLiH nopwoK (pacnas). 

ECJIH SaBHCHMOCTB JIHRCfiHaa BO BTOpOM CJiyHae, TO XHMHHeCKaa peaK^HH 
HMeCT BTOpOH HOpHflOK (peKOMSHHaUHH). 

Cnoco6 no nyHKTy 3 (i)opMyjibi H3o6peTeHHa (sTopoH BapHaHT) 
ocymecTBJiaioT cjie^iyromMM o6pa30M. 

06pa3ea 4 saKpenjMioT na flep»caTejie o6pa3u;a b bhac cmkocth 3 h 
noMemaioT b BaKyyMHyio KaMepy 1; h3 BaKyyMHofi KaMepbi 1 oTKanHsaioT 
Bosflyx qepes MarncTpajiB 14 ^to ocTaTOHHoro flaBneniw b BaKyyMHOH KaMepe 
He 6ojiee, hcm MO"^ MM.pT.CT. flasjieHHe KOHTpojiHpyexcfl flaxHHKOM 26 
BBicoKoro BaKyyMa. SaTCM flonojiHHxejiBHafl cmkoctb 27 sanojiHaexcH 
xjia;iareHTOM, npH 3tom Ha ee noBepxHOCXH aflcopGHpyiOTCH ocTaTOHHwe rasbi 
H napbi BOflBi. SaxcM, no MaracTpajiH 15 b KaMepy 1 noflaiOT ras (soAopojot) pp 
flaBJieHHa B KaMepe 1-0,1 MM.pT.CT. ^^asneHHe b KaMepe 1 KOHTpojmpyercH 
flaxHHKOM 13 HH3Koro BaKyyMa. BKJiioHaioT reHepaxop 9, cHa6»ceHHi>iH 
3JieKTpoAOM 10, a TaoKe HHHiiiHaTop 1 1 3JieKTpHHecKoro paspaAa, CHaSMceHHBifi 
sjieKipoAOM 12, nocjie saacHraHHH paspa^a b KaMepe HHHUHaTop 11 
BbiKjnoHaexcH, a renepaxop 9 noflAepacHsaeT paspsA b TeneHHe sa^aHHoro c 
noMombK) TaiiMepa BpeMeHH b npe;iejiax ot 0,01 ceK ao 5 cck c AaBJieHHCM 
njiasMooGpasyiomero rasa ot 0,001 ao 0,08 MBap. SanHCbiBaioT cneKxp 
HcnycKaeMbix noBepxHOcrabiM cjioeM o6pa3ita KsaHTOB sneprHH (cBeTa) npH 
nocTO£HHoft TeMnepaType. JSfl^ sanncH cncKipoB ncnonbsyioT MOHOxpoMaxop 
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23 H (|)OToyMHO»CHTenB 24, CHraan ot KOTOporo nocTynaex Ha niHHy 18 c6opa 
flaHHbix, Aanee nepea 6jiok 17 b KOMnBioxep 16. Saxeivi npoHSBOflHT Harpes 
o6pa3^a 4 HarpeBaxejieM 7 c kohtpojicm xcMnepaTypbi o6pa3^a 

xepMonapoH 8. CHrHanbi c xepMonapBi 8 h ox (|)OXoyMHO»cHxejiH 24 nocxynaiox 
Ha niHHy 18 c6opa flaHHWX h nepes 6jiok 17 conpajKeHHH b naMflxt 
KOMnBioxepa 16 pjm nocjieflyiomeH o6pa6oxKH. 

B npHMepe 4 Hccjieflosariocb BOSAeficxBHe HTII Ha noBepxHOCXHMii 

CJIOH JIK)MHH04)0pa MEpKH Kll. HcnOJIB30BaHa Hill C flaBJieHHCM 

luiasMOoepasyiomero rasa 0,04 MBap c BKJiaflbiBaeMofi b ee oS-beM MomHocxtio 
2-10"^ bx/cm^ b xeneHHe 0,05 cck. PeracxpHpoBauHCb cneKxpbi HsnyneHHa 
KBanxoB cBexa npn nocxoaHHofi xeMnepaxype o6pa3^a (4)Hr.l4) h b pe}KHMe 
xepMOJIK)MHHec^eH^HH (<|»Hr.l5). MexoABi o6pa6oxKH cneKxpoB xe ace caMbie, 
HTO H B BbimeyKasaHHbix npHMepax. OxMeneHO MHHHManbHoe 
MOAHC^HUiipyiomee BosAeficxBHe HanyneRHfl na noBepxHOCxHbiH cjioh o6pa3^a. 
XlapaMeipbi HTTI o6ycjioBHJiH noHBJieHHe hbho Bbipa^eHHofi oco6eHHOcxH 
cneKxpa y»ce b caMOM nanajie peracxpai^HH JIK)MHHec^eH^HH npH nocxoaHHoM 
xeMnepaxype, hxo ne Ha6jiK)flajiocb npH o6jiyHeHHH o5pa3^a xoro 5Ke caMoro 
Maxepnajia (b nopHAKe KOHXpojia) HTTT c napaMexpaMH, onHcaHHbiMH b 

npoxoxHne (4>Hr.l6). 

B npHMepe 5 HcnojibsoBana HTII c AaBJieHHeM luiasMOoepasyiomero 
rasa 0,06 MBap b xeneHHc 4,5 ceK. 06jiyHajicH o6pa3e^ hs nojiH3XHJieHa MapKH 
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MOPLEN (Mw= 114000), saKpHCTajoiHSOBaHHoro npH TeMnepaiype 6jih3koh k 
TCMnepaxype nJiasjieHiM, CncKxp HSJiyneHHa KBanxoB CBCxa npH nocToaHHofi 
TCMnepaType npHBe^i;eH Ha 4>Hr.l7, npH HarpeBe - na <|)Hr.l8. 

npeflJioaceHHBifi cnoco6 (BapHanxBi) ocymecTBJiHeTwi c ^OMO^^>K> 
o6opy^iOBaHHfl, HsroxoBJiaeMoro b saBOACKHX ycnoBHHX c HcnonbSOBaHHeM 
HSBecxHbix MaxepHajiOB h KOMiuieKxyiomHx HSflejiHii. Ilo mhchhk) saaBHxejw, 
H3o6pexeHHe cooxBexcxByex KpHxepmo «npoMtimneHHafl npHMeHHMOcxi.». 



<l»OPMyJIA H30BPETEHH5I 

1. Cnoco6 anajiHsa (j^HSHHecKHx h/hjih XHMHHecKHX cbohctb 
noBcpxHocTHoro cjiofl TBepfloro xejia, BKjnonaiomHft BosAeHCXBHe 
Ha noBepxHOCTHbiH cjioH TBepAoro TCJia HsnyneHHeM b bhab axoMapHoro 
nyHKa h/hjih ajieicrpoHHoro nynKa, h/hjih MOJieKyjiapHoro nyHKa, h/hjih 
HOHHoro nyHKa, h/hjih ^oTOHHoro ny^Ka h/hjih hx KOM6HHa^HH h 
nocjie^yiomyK) fle3aKTHBa^HIO noBepxHOCTHoro cjioh c pe^HCTpa^HeH 
HcnycKaeMbix BCJieflcxBHe SToro KBaHTOB sneprHH, oTJiHHaiomHHCH TeM, 

HTO BOSflefiCTBHe npOH3BOflHT e^I.HHHHHi>IM HMIiyJIBCOM HSJiyHCHHa, & 

;^e3aKTHBa^HIO noBepxHOCTHoro cjioa xBepAoro Tejia ocymecTBJiaioT no 
OKOHHaHHH BOSfleficTBHH Ha Hcro HSJiyHCHHeM nyreM Bbi^epxcKH TBepAoro xena 
npH nocxoHHHOH xeMnepaxype h nocjieAyiomero narpeBa, npn 3xom cneKxp 
HcnycKaeMBix nosepxHOCXKbiM cjioeM XBep^oro xena KBanxoB aneprHH 
perHCxpHpyiox b nponecce AesaKXHBauHH noBepxHOCxHoro cjioa. 

2. Cnoco6 non.l., oxnHHaiomHHCfl xcm, hxo HMnyjifcc 
HSJiyneHH^, AeHcxByiomHH na HCCJieAyeMyio nosepxHOCxb, HMeex Momnocxb ox 

10"^ AO 10"^ BX/CM^. 

3. Cnoco6 anajiHsa (JjHSHnecKHX h/hjih xHMHHecKHX cbohcxb 
noBepxHocxHoro cjioh XBepAoro xejia, BKjnonaiomHH BosfleiicxBHe na 
noBepxHocxHbiH cjioH XBepAoro xeJia HHSKOxeMnepaxypnoH njiasMoii c 
nocjieflyiomefi Ae3aKXHBa^HeH noBepxHOcxHoro cjioh h peracxpaunefi cneKxpa 
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XepMOJIIOMHHecqeHIlHH, OTJIHHaiOIIj;HHC5I TeM, HTO HcnojitsyioT 

HHSKOxeMnepaTypHyio njiasMy c ^laBJieHHeM njia3Moo6pa3yiomero rasa ox 
O5OOI flo 0,08 MBap B xeneHHe ox 0,01 ao 5 c. 




0Mr.1 



Cnoco6 aHannaa c|3M3MMecKMX n/nni/i xnMi/iMecKHX 
CBOMCTB noBepxHOCTHoro cnofi TBepfloro rena (BapnaHTbi) 



V(B) 

2- 




Cnoco6 aHannaa c|3M3i/iMecKi/ix m/mjim xMMi/iHecKHX 
CBOMCTB noeepxHOCTHoro cnof\ TsepAoro Tena (sapnaHTbi) 




Our 5 



Cnoco6 aHannaa c|DM3i/iHecKHx m/mjim xi/iMUMecKHX 
CBOMCTB noBepxHOCTHoro cnosR TBepAoro rena (sapnaHTbi) 

V(B). 
0,4-1 



0.3- 




ct>Mr.7 



Cnoco6 aHannaa 4)M3MMecKMX n/nni/i 

XMMMMeCKMX CBOMCTB nOBepXHOCTHOPO 

cnofi TBepAoro Tena (Bapi/iaHTbi) 




V(B) 
0,20 

0,16 
0.12- 
0,08- 



0.04 



500 1000 1500 

t, (cek) 




-200 ' -100 ' ' 6 " 100 „ 
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V(B) 
6-1 



V(B) 
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0.8- 



0.4- 



0,0- 



Cnoco5 aHannaa c|DM3MMecKi/ix i/i/mjim 

XMMMMeCKMX CBOMCTB nOBepXHOCTHOrO 

cnofi TBepAoro Tena (BapnaHTbi) 



300 



600 



t. (cek) 
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ct>i/ir.11 



Cnoco6 aHsmnaa ct)M3MMecKMX n/i/ini/i 

XMMMMeCKMX CBOPICTB nOBepXHOCTHOFO 

cnofl TsepAoro rena (sapnaHTbi) 



V(B) 




Our. 13 




Cnoco6 aHanuiaa (jpwsvmecmx m/mjim 
xi/iMi/inecKi/ix CBOMCTB noeepxHocTHoro 
cnofl TBepAoro Tena (sapMaHTbi) 




Cnoco6 aHani/iaa c|3ii3MMecKMx n/nnn 

XMMI/IHeCKMX CBOMCTB nOBepXHOCTHOFO 

cnoyi TsepAoro Tena (sapnaHTbi) 



*WIMWi»nimn»i»i.i»tf)iiwu > mil.. i»mici« 

600 

t. (cek) 

<t)i/ir.16 




V(B) 



V(B) 



Cnoco6 aHannaa cjDMai/mecKMX n/nnn 

XMMMMeCKMX CBOMCTB nOBepXHOCTHOFO 

cfioa TBepAoro Tena (Bapi/iaHTbi) 




600 1200 



Our. 17 



t, (cek) 



0,4- 



0,2 



0,0 
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nepBBIH BapHEHT CnOC06a aHaJIHSa 4>K3HHeCKHX h/hJIH XHMHHeCKHX 

CBOHCTB noBepxHOCTHoro cjio^ TBep/ioro xejia BKjnoHaex BOSflCHCTBHe 
Ha noBepxHOCTHbiH cjioH TBepfloro xejia HSJiyneHHeM b Biwe aTOMapHoro 
nyHKa h/hjih sjieKxpoHHoro nj^Ka, h/hjih MOJieKyjMpHoro nyHKa, h/hjih 
HOHHoro nyHKa, h/hjih 4>oTOHHoro nyHKa h/hjih hx KOM6HHai];HH h 
nocneayiomyK) ;^e3aKTHBaii;Hio noBepxHOCTHoro cjioh c perHcxpaixHeH 
HcnycKaeMBix BCJieflcxBHe 3Toro KBaHTOB sneprHH; B03fl;eHCTBHe npoH3Bo;i;HT 
eAHHHHHBiM HMiiynbcOM H3n3^eHHH, a Ae3aKTHBamiK) nosepxHOCTHoro cjioh 
TBepfloro Tejia ocymecTBJiHioT no oKOHHanHH BOSfleHCXBHH na Hero 
H3JiyHeHHeM nyxeM BBi^ep^KH xBepAoro xejia npH nocxoHHHoft xeMnepaxype h 
nocjieflyiomero naipeBa, npH 3xom cneKXp HcnycKaeMBix noBepxHocxHBiM 
cjioeM XBepAoro xena KBaHxoB 3HeprHH peracxpHpyiox b npouecce 
fle3aKXHBau;HH noBepxHocxHoro cjioh; HMnyntc H3JiyHeHH5i5 aeHcxByioiuHH na 
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HCCJiefl;yeMyK) noBepxHOCxt, HMeex moehhocxb ox 10" ao 10" bx/cm . 

BxopOH BapHaHX CnOCo6a aHaJIH3a (|)H3HHeCKHX h/HJIH XHMHHeCKHX 

cbohcxb noBepxHOCXHoro cnoH XBepAoro xena BKjnoHaex B03AeHCXBHe na 
noBepxHOCXHBiH cjioH xBepfloro xejia HH3KoxeMnepaxypHOH njia3MOH c 
nocjieflyiomeH Ae3aKXHBaij;HeH noBepxHOCXHoro cjioa h perHcxpaaneH cncKxpa 
xepMOJiK)MHHecueHij;HH; HcnojiBsyiox HH3KoxeMnepaxypHyio nJiasMy c 
flasjieHHeM njia3Moo6pa3yK)mero rasa ox 0,001 flo 0,08 MBap b xeneHHe ox 
0,01 flo 5 c. 



